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The optimal timing and method of administration of paracetamol in the perioperative period is unclear. It has previously been demonstrated that postoperative intravenous paracetamol provides faster onset of analgesia than a similar dose given orally 2 and, more recently, that only two-thirds of patients given an oral dose of 1.0 g paracetamol preoperatively achieved therapeutic plasma concentrations at any point compared to 96% in those given 1.0 g intravenously preoperatively 3 .
Antipyretic plasma concentrations of paracetamol are widely quoted to lie between 66 and 132 µmol/l (10 to 20 mg/l) 4 . However the original data describing this range have not been published. In post-tonsillectomy pain, postoperative plasma levels of paracetamol above 70 µmol/l resulted in satisfactory analgesia in 75% of children 5 . Although the pharmacokinetics of paracetamol have been demonstrated to be similar in adults and children 6 , studies in adults have failed to a consistent concentration response correlation 6, 7 . Hahn et al found that there was no increasing analgesic benefit above a theoretical maximal plasma concentration at t=0 of 14 mg/l (92.4 µmol/l).
To our knowledge, however, there is no published literature comparing the two most common clinical options of preoperative oral paracetamol and intraoperative intravenous paracetamol. This is an important question, given that the intravenous preparation is significantly more expensive and its administration more complex.
We performed a double-blind randomised controlled trial comparing these two practices to test the hypothesis that intraoperative intravenous Postoperative plasma paracetamol levels following oral or intravenous paracetamol administration: a double-blind randomised controlled trial C. N. BRETT*, S. G. BARNETT †, J. PEARSON ‡ Department of Anaesthesia, Christchurch Hospital, Christchurch, New Zealand SUMMARY In day-case surgery paracetamol is commonly given orally preoperatively, or intravenously intraoperatively. In this double-blind randomised controlled trial we investigated which of these methods of administration achieved therapeutic plasma levels most effectively in the early postoperative period. Thirty patients undergoing day case arthroscopy of the knee were randomised to receive either 1.0 g oral paracetamol 30 to 60 minutes preoperatively (20 patients) or 1.0 g intravenous paracetamol intraoperatively (10 patients). Plasma paracetamol levels were measured 30 minutes after arrival in the recovery room. Secondary outcomes included postoperative pain scores, rescue analgesia requirements and duration of stay in the recovery room. All patients receiving the intravenous preparation had plasma levels above the analgesic level compared to less than half (7/20) in the oral group. Mean plasma paracetamol levels were 88.6 µmol/l for the intravenous group and 53.2 µmol/l for the oral group (P=0.0005). There were trends towards reduced rescue analgesia and duration of stay in the recovery room for the intravenous group although not reaching statistical significance. There was no difference in pain scores between groups. Intraoperative administration of 1.0 g of intravenous paracetamol more reliably achieved effective paracetamol levels in the early postoperative period compared to an equal dose given orally preoperatively. Only a minority of patients receiving the 1.0 g oral dose preoperatively had plasma levels in the therapeutic analgesic range.
administration of paracetamol would be more effective in achieving potentially therapeutic plasma concentrations in the early postoperative period than the same dose given orally preoperatively. Secondary outcomes included postoperative pain scores, rescue analgesia requirements and duration of stay in the recovery room.
METHODS

Patients
Thirty patients undergoing day case arthroscopy of the knee in a single surgical centre were included in the study. Patients were at least 18 years of age, American Society of Anesthesiologists physical status I to II. Patients were excluded if they had any contraindication to paracetamol, body mass index over 35 kg/m 2 or were unsuitable for laryngeal mask anaesthesia. The study was approved by the Upper South A Regional Ethics Committee and registered with the Australian New Zealand Clinical Trials Registry (ACTRN 12609000908235, registered 20/10/09). Written informed consent was obtained from all patients.
Randomisation and administration of paracetamol
Patients were enrolled by a study investigator and then randomised using a web-based allocation sequence (www.R-project.org) to receive either 1.0 g oral paracetamol (Pharmacare immediate release 500 mg tablets) 3 to 60 minutes preoperatively or an identical placebo. All tablets were administered from sealed numbered envelopes and both the patients and the preoperative staff were blinded to the allocation group. Paracetamol was the only drug given preoperatively. Those patients who received the placebo oral tablets were then given 1.0 g intravenous paracetamol intraoperatively (Perfalgan, Bristol-Myers Squibb, New York, NY, USA). This was given as a 15-minute infusion with completion of the infusionas close as possible to the end of the surgical procedure. The infusion was administered by the attending anaesthetist (non-blinded) who took no further part in the study. A non-blinded study investigator was responsible for confidentially informing the anaesthetist which patients required intravenous administration of paracetamol.
Anaesthesia and surgery
Anaesthesia was induced with a combination of fentanyl, midazolam and propofol with doses at the anaesthetist's discretion. A laryngeal mask was inserted and anaesthesia maintained with sevoflurane in an air/oxygen mixture. Boluses of intravenous fentanyl were used for intraoperative analgesia with no other analgesics used. Antiemetics were used as required.
Patients were all planned for day case knee arthroscopies. All operations were performed by two surgeons. At the end of the procedure 20 ml of 0.75% ropivacaine was injected into the knee joint.
STUDY OUTCOMES Primary outcome
A blood sample for plasma paracetamol level was taken 30 minutes after each patient's arrival in the recovery room from the arm contralateral to the intravenous line. Plasma paracetamol concentrations were determined with an enzymatic, colorimetric assay that uses the enzyme acylamidase to hydrolyse paracetamol to p-aminophenol (Cambridge Life Sciences Enzyme Assay Kit, in an Architect C8000 Analyser, Abbott Diagnostics, Illinois, USA). The assay is linear up to 2500 µmol/l with sensitivity of 10 µmol/l.
Secondary outcomes
Once the patient was awake a 100 mm visual analogue scale was used to assess postoperative pain at 10-minute intervals until discharge from the recovery area. Intravenous fentanyl was the only analgesic used as rescue analgesia postoperatively, prescribed as 20 µg increments and given by a blinded recovery nurse if the visual analogue scale exceeded 30 mm. Total fentanyl requirements were then summed for each patient. Length of stay was calculated for each patient. Patients were discharged from the recovery area according to standard discharge criteria. Measurements were performed by a blinded recovery nurse.
Statistical analysis
Based on estimates of paracetamol administration effect from a previous study 8 (showing highly variable plasma paracetamol concentration following oral administration compared with intravenous) a sample of 10 patients in the intravenous group and 16 in the oral group was calculated to detect a clinically significant difference of 18 µmol/l at an alpha value of 5% with 80% power. Numbers in the oral group were increased to 20 to allow for 20% of these patients having concentrations below the level of detection. The clinically significant difference selected was based on a previous study also sampling paracetamol levels 30 minutes postoperatively in children undergoing tonsillectomy 5 where an increase in plasma paracetamol level of approximately 20 µmol/l (between 50, 70 and 90 µmol/l) resulted in a 6% drop in the number of patients with unsatisfactory postoperative analgesia.
The Wilcoxon rank sum test and Fisher's exact test were used to assess patient groups to account for the modest sample size. There was no evidence that paracetamol levels were not normally distributed (Shapiro-Wilkes P=0.13) hence t-tests were used to calculate P values and 95% confidence interval. Linear regression analyses with effects for dose and group were used to assess the difference between oral and intravenous groups accounting for a linear dose effect. Repeated measures analysis of variance was used to assess the trend in pain score between groups over time. Results are reported as mean±standard error unless otherwise stated. Differences are considered significant at P <0.05. All analysis was carried out using the statistical software package R 2.8.19.
RESULTS
Patient characteristics
Thirty-four patients were recruited, four did not meet inclusion criteria and therefore 30 were randomised between January and April 2009. Baseline patient characteristics and operative data were similar for both groups (Table 1 ) and in particular the dose of intraoperative fentanyl and the duration of surgery. Two patients smoked and both were in the oral group. Twenty-seven patients underwent simple medial meniscectomy, one patient in the intravenous group underwent medial meniscectomy with synovial biopsy and two patients in the oral group underwent synovial biopsy and removal of loose body. There were no adverse events recorded.
As expected from the study design, blood samples for paracetamol were collected closer to the time of dosing in the intravenous group at a mean of 39 minutes than in the oral group who were sampled at a mean of 119 minutes.
Plasma paracetamol levels
Mean plasma paracetamol levels 30 minutes after arrival in the recovery area were 88.6±16.3 µmol/l for the intravenous group and 53.2±19.1 µmol/l for the oral group (Figure 1 ); a significant difference of 35.5 µmol/l (P=0.0005, confidence interval 95 21.5 to 49.4). The highest level of 117 µmol/l (from a patient in the intravenous group) was well below the level associated with paracetamol toxicity.
For both the intravenous and oral dosing there was a similar increase in plasma paracetamol levels with increasing dose adjusted for the patient's body weight. Each 1 mg/kg increase in dose resulted in plasma levels increasing by 6.03 µmol/l. 
Secondary outcomes
Patients in the oral group required more rescue analgesia in the recovery area than those in the intravenous group (Table 2 ) and stayed on average 12 minutes longer although these results did not reach statistical significance.
Pain scores were obtained only while the patient remained in the recovery area. Fifty minutes after arrival in the recovery area one-third of each group had been discharged. There was a statistically significant difference between pain scores only at this point for the remaining patients, 30.8±5.8 mm oral versus 11.6±2.8 mm intravenous (P=0.025).
Subsequent analysis concerning the seven patients in the oral group who did achieve plasma levels above 66 µmol/l showed they required 84 µg rescue fentanyl in recovery compared with 14 µg in the intravenous group (P=0.16) and length of recovery stay was 79 minutes compared with 56 minutes in the intravenous group (P=0.064).
DISCUSSION
Main findings
We found that in this orthopaedic day surgery population intraoperative intravenous administration of 1.0 g paracetamol more consistently produced therapeutic plasma levels in the early postoperative period compared to the same dose given orally before surgery.
We also found a trend towards reduced length of recovery room stay and improved analgesia with intraoperative intravenous dosing.
The plasma concentrations of paracetamol required to produce antipyresis and analgesia are still uncertain. The widely quoted range for antipyresis in children of 10 to 20 mg/l (66 to 132 µmol/l) has no published data to support it 4 . In children undergoing tonsillectomy, Anderson et al showed that a plasma concentration of over 70 µmol/l measured at 30 minutes postoperatively was associated with superior analgesia 5 . In adults, Hahn et al 7 suggested that adequate analgesia following laparoscopic sterilisation was achieved with initial peak plasma concentrations of over 14 mg/l (92.4 µmol/l) following postoperative administration of intravenous paracetamol. They failed to find any additional analgesic benefit above this level. Beck et al 6 investigated rectal paracetamol in women undergoing hysterectomy with similar findings. Despite the larger 40 mg/kg dose resulting in sustained plasma levels above the 66 µmol/l level there was no additional analgesia compared to the lower 20 mg/kg dose which resulted in sub-therapeutic levels.
Van der Westhuizen recently showed that preoperative intravenous paracetamol gave higher plasma concentrations than preoperative oral paracetamol in the same 1.0 g dose and therapeutic levels were not reached at all in 33% of patients in the oral group 3 . Our data supports the superiority of the intravenous preparation, finding 1.0 g of intravenous paracetamol given intraoperatively reliably resulted in therapeutic plasma paracetamol levels. Even given the short duration of the surgical procedures in our study, the majority of our patients receiving preoperative oral paracetamol had subtherapeutic levels by the time they reached the recovery room.
Paracetamol dose selection
Previous studies have demonstrated increasing magnitude and duration of analgesia with doses of up to 2 g of intravenous paracetamol in both postoperative patients 10 and in a volunteer pain stimulus model 11 . Interestingly, this dose-response relationship has not been observed with oral paracetamol. The Cochrane Review examining single dose oral paracetamol for postoperative pain provides a number needed to treat of 3.5 for a dose of 0.5 g, and 3.6 for 1.0 g 1 . There are limited data for doses above 1.0 g orally but four small randomised controlled trials failed to demonstrate any increased analgesic efficacy for 1.5 g over 1.0 g 12 , 2.0 g over 1.0 g 13, 14 , or 90 mg/kg over 60 mg/kg 15 .
It is possible that the apparent analgesic ceiling effect with oral paracetamol reflects the relatively slow rate of rise in plasma levels and thus relatively modest increases in peak plasma concentration achieved despite the increase in area under the concentration -time curve. Nielsen et al 16 found that a 2 g dose of sustained release paracetamol did not provide any detectable analgesia whereas lower doses of immediate release paracetamol were superior to placebo. This was despite the sustained release preparation resulting in superior later plasma levels.
With a time to maximum plasma level (Tmax) for oral paracetamol of around 30 minutes to one hour it is likely that the mean sampling time of 119 minutes after paracetamol administration in the oral group missed the maximum plasma level in these patients. When comparing our data to that of pharmacokinetic studies in healthy volunteers 17, 18 , we find the plasma levels of both our groups of patients fit with the plasma concentration versus time graphs of oral administration only. This suggests that it is the mismatch between Tmax and dosing with oral paracetamol that may make it less suitable for perioperative administration, not inferior bioavailability. It should be noted however that oral paracetamol absorption may be unreliable in the early postoperative period following even minor surgery 8 and, after major abdominal surgery, Kennedy et al 19 showed that peak plasma levels were only 50% of baseline on the second postoperative day.
We showed (Figure 2 ) a linear correlation between plasma paracetamol levels and the dose of paracetamol administered per kg body weight. The slope was 6.03±0.91 µmol/l per mg/kg dose. This was true for both the oral and intravenous preparations. This knowledge may guide target dosing of paracetamol in individual patients to achieve therapeutic analgesic levels in the recovery area. Our results suggest that to target therapeutic paracetamol levels in the recovery area, at least 15 mg/kg is required orally. This is consistent with other research suggesting a preoperative oral dose of 20 mg/kg is required to reach a plasma concentration of 19 mg/l (125 µmol/l), the median Tmax reached by the same dose given intravenously pre-induction 3 . As previously discussed, the clinical benefit of this pharmacokinetic target is not firmly established, and the evidence to date has shown no dose response above 1.0 g of oral paracetamol 1, [12] [13] [14] [15] .
With 30 patients, this was a study powered to investigate postoperative plasma paracetamol levels.
Our results are consistent with a trend towards improved analgesia and reduced length of stay in recovery with intraoperative intravenous dosing but larger numbers of patients would be required to demonstrate this at an acceptable level of significance.
LIMITATIONS
Although many institutions use a higher dose in practice, a dose of 1.0 g paracetamol was selected for the oral group to enable direct comparison with the same dose given intravenously. Furthermore, there is evidence of lack of increased analgesic effect with doses larger than 1.0 g orally.
Knowledge of the effect-site concentration of paracetamol in our study would undoubtedly be ideal but sampling cerebrospinal fluid is clearly not appropriate in this study population. Given that plasma paracetamol concentrations have been linked to effect, measurement of these is a clinical tool that can be linked to effect site by a simple pharmacokinetic/pharmacodynamic model.
The timing of our measurement of plasma paracetamol level is likely to coincide with the decline in plasma paracetamol levels in both groups and may not reflect peak plasma levels 18 . However, this single measurement of the plasma paracetamol level was selected as a clinically relevant point. Ensuring adequate analgesia in the early postoperative period is particularly important in the day case surgery setting.
CONCLUSION
We have confirmed our hypothesis that intraoperative administration of 1.0 g of intravenous paracetamol more reliably achieved proposed therapeutic levels for analgesia in recovery than the same dose given by mouth preoperatively. Oral paracetamol should have excellent bioavailability in a preoperative patient and these differences in plasma levels largely reflect the increased flexibility in the timing of intravenous administration. For short procedures a preoperative oral dose of 15 mg/kg would be expected to achieve the proposed therapeutic levels in the recovery phase of the patient's stay. Longer procedures would be better managed with the intravenous formulation. Our results also suggest a trend towards improved postoperative analgesia and length of stay in the recovery room for the intravenous group compared with the oral group although larger numbers of patients would be required to investigate this further.
